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(54) VISIBLE UGHT-TYPE PHOTOCATALYST AND METHOD FOR PRODUCING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a photocatalyst having visible light activity, and to 
provide a method for producing the same, a photo-decomposition method with light containing 
visible rays using the photocatalyst and a device using the photocatalyst. 
SOLUTION: The photocatalyst is an oxide semiconductor such as anatase- type titanium 
dioxide, which has stable oxygen defects and is active under visible light irradiation. The method 
for producing the visible light-type photocatalyst comprises subjecting the oxide semiconductor 
to hydrogen plasma treatment or plasma treatment in plasma of rare gas elements under such a 
condition that the intrusion of the atmosphere into the treatment system is substantially 
avoided. A material obtained by loading the catalyst onto a base material is also provided. A 
decomposition method of a substance, comprising bringing the substance to be decomposed 
into contact with the catalyst irradiated with the light containing at least visible light, is 
provided. The new catalyst, capable of utilizing even visible light, and a method comprising using 
this photocatalyst and photo-decomposing/ removing various substances containing organic 
substances or bacteria are provided. 
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tmrnizm^LTzmmtt (0 1 sXJ i 2p) i. 

(O 1 s/T i 2 p) lZt,^ibl*?&3!)^ofeo ^fz. ±iB 

m-mt^^ >izmit\t^^titj:t^'Drzo 
[000 7] mm^i 2 

T-:^^--tzS-K^b5^^>*^* (6 ox v^iMT) 1 
0g^2 0 0mla)5^1?Sl^;iS(3iRSLfeo 3<7)55? 

m^^m^y^^x'^^^mmizmmL. 3^{^%m^^> 

yxm^l^tzm. 4 OOWcDSSS;* (2. 4 5GHz) 

^^mmp^(DT±^ -ifm-Mit^^ >mmzmmL. 

7'J^z^>:^JX (>TtM^ 1 Oml/^) ^IF.rtCDBE^ 
-•tfSiiKfb^^>*»*^HeJtU?5:*<t> 1 2 O^Pe^SftS 

r^cDizAo^^mi^fzo mi^nrz-r^^-if^-mt 

^d^fS^nStf-^ (459. 5eV(Ti2p3/ 
2) ;RI/4 65.4eV(Ti2p1/2) (DtSmt^ 

(530.0eV(O1s) (Dmmt^^ibrzo i#e>tt 
feMIShb (O 1 s/T i 2 p) li. 1 . 8 9T:^ofeo 
fSj. :r^XV«a^L^UT:^>5'--tf^-Kfb5^^>*»* 
(Z>®fBJ± (O 1 s/T i 2 p) li. 2. 0 0-Cfecjfeo 

^tz. z(Dim^i'^mx^^izmmLrzik\z±tztm 
mizmmLtzmmtt (oi s/t i 2p) t,. i . 8 9 
■e^ofeo ?e>ic. zo:>tmo>^timk(Dmm\t (oi 

s/T i 2 p) iZ^mitittjit^'Drzo ^Tz. ±IB3^^X 

<b5^^ >lcs:<bliS'&t^3&/)^■=»feo 



(7) 



4#gFS3 2 5 2 1 3 6-^ 



(0 0 0 81 mmms 

* iD:;^m7tm -< :t > ^ a A r i» >* IC J; ^ *:S6Bfl<7)tti« 

a)SSii7^>£ic o u r iftB^r 5» o 

VAC IKX-7000 

h : S T-0 1 0. 2 g $:iStS6 cm(D:^"^X 
tS (0. 2mmeSOJ?*^T. ::^±lC-9-7^^ ^ □ > 

A>^lc:'i:^il'5:^at4{S«0>ci«>) l3Mfl5U;c*(7>o 
>iA^^/c7';U=r>>f^>jS5x 1 Ol6f@/5p7^ir>5^ 

7t>£lcJ:0. f^^>(7)2 p^^lc^S^ti^bf-'i? (4 
58. 6eV (Ti 2p3/2) 3eV 
(T i 2 p 1 / 2) CD®^^5^^>i:*£^LTlN^^^ 

(7) 1 sn^\zmm^ix^^-'<? .{ 529. 7 e v (01 

s) a>®S^^3R45)/co f#€>ti/c®SJ:b (O 1 s/T i 
2 p) (i. 1 . 7 6T:^o/co r-^XviaSL?5:t> 
T±^-ifS-Kfb5^^>*»*(7>®m (O 1 s/T i 



2 p) iis 2 . 0 OT^o/co ^/c. c:cDlS*4^ 1 mm 

1 s/T i 2 p) 1 . 7 ^t>(Cx CO 

ISJ|4G>1 :^«t^a)®eilt (O 1 s/T i 2 p) (C^iSfb 

[0 0 0 9]8a»«1 (T'-b KT'^Uxt KO^^M^ICct 

IIS£0«J1 -2TMtiaL/ca*40. 2 g$::tf^X>^U- h 
(6X6 cm) \zm^i.rz^(D. iM^HSfi^J 3 "Cf^ 

( 1 . 9 'J h;U) rtlClSML/co 7t?^>lC(i/\o<f 
>^>y {^S^-fT^^y^ J DR110V 75WN/ 
S-EK) /)^04 2 0 nmlMTa)^i1^*g^:/3'y 

JSJ^tll*l(C>5ALT. F/f^;^Jg (lOOOppm ) (D^^tiX 

^- (FID) Tr^tffUifeo 7tBS*rfl&©>'-fe hT'^l.T^t 

to^L4^t^M*4^::-pt^7:^,|5l^a)iaSI^^TL^^Sm^J:b« 

[0 0 10] 

[*1 ] 





a ^ >• V V 
(4 2 0 nm£tT* y h) 




llfig^if 1 


4 0 0 p p m 


1 2 0 ^5- 




3 3 0 p p m 


9 Oi* 




5 2 0 p.p m 




ttmm 1 


0 p p m 


1 2 055- 



[0 0 1 1 ] ±15^1 iz^^rm^t^^. :^%m(DT-r^ 

- -b'§2 ~ ^{ b 5^ ^ > T o T L PIS ^ r ^ 
[001 2 1 ^«S0iJ4 

T-0 1 ) 5 g^rttlS cm. 1 0 0 c mOH^iU 

^-eJS^Uyctt. SOOWCDmSSj^^ ( 1 3. 5 6MH 
2) 4SJ©Sl*ICD7':^^-tf^-Kfbf^^>*»5fef3Batt 

:/5Xv^^^^-tt;co ^ur. H2:^'::^ (3tfi^ 
5 0 0m 1/53-) :&mi*ICDfiE:ti*^*^1 h -;Ui:4^i) J; 3 
iC^ALfeo SlSBrta)T:^^-ifiy-K<b^^>«»* 
^»}*L3&/}^e)3 0^PB^jia31Lfco -<?nAWzJ: 



^ffiijTtJbD^ICct 0 5^^11^ 4 0 OXCl^DlMVU. ^G)>^ 
Jg^JSJ^JK9PBl4^*tlJ$L/co f#etl/cT:^^-ifS^-^fb 

>«»*^ XlS^tS^^^a ( X P S ) ICct 0 . 
>CD2 pm^lC!!SM^n^t^-^ (4 5 8. 8 eV (T 
i 2p3/2) ;RLr4 6 4. 6eV (Ti 2p1/2) 

tv^tf-i^7(531. 7eV(01s) (Ommt^^ib 
/co »e»n;cS|gi± (O 1 s/T i 2 p) li. 1. 9 4 
Tr^ofco fS>. y5XVfiiliU^t\7':^^--tfSJ-Kfb 
^^>*»5fea)ffiSlt (O 1 s/T i 2 p) (i. 2. 0 0 

II±ie^|5)*ilC>i!l^L/c®ffli:t (O 1 s/T i 2 p) 

B«i± (0 1 s/T 1 2 p) iz^mimt^t^-orzo ^ 

/cx ±S2:/^Xy'«ftliH5(7>IS*4;Rl/iaMI^CDM*4=&X*S 
:;^^-ifl2z:K<b^^>fzSfbfia6tL3&/)^o>^o 



(8) 



nP^mS 2 5 2 1 3 6-^ 



x^mmmcDiAn (a) ^uiiim\k<r>^n (b) coxig 

>Co >l']S(i X (0. 1Torr).77K T:?to 

>|iJ^>^Jg 7 7 K 

-P'i-)\^\^ 330mT±25mT 

Mod. 0 . 1 m T 
>f>r > 5x10 
yt9- 0. 1 mW 
^^A3>X^>h 0. 03fj> 
^jE7K^^>:/ 5 0 0W 
:7^;U^- L-4 2 

Mn2+x'-:^- (gmn= 1 . 9 8 1 ) LT 
9 = gmnXHmn/ (Hmn + AH) 

Hmn Mn2+x'-:^-C0?SJ^, AH : V\M\t^ib€Om^(D 

To EI* (a) ^^B§|iT-e(DE SRX^^ h>U. (b) 
2 0 nmi:jlTa)7t ( 5 0 0 WCDiSjE?^^^ >r^<^ 

m) ^ii-j hT^y^)u^- (L-4 2) %^Lx%m 

(a) t^^mTX'<DESRX-«7 ( b ) *M 2 0 

y i-r^y^ji^- (L-4 2) ^^Lx^mm\^rz^ 



mx'Mm^TzESRX^^ h^Ux (c) t^y-iJl^- 
(L-42) %^^riC^ff3»Lfctt«T:)ffl^LfcE S 
R:^.-^:^ hJlX'^^o SI2 ^E13fC^t-E S RX-<<? h 

ji^itmc^nxmrnLfz^cDx^^o m%^it^r^ 

2. 0 0 3^4\Z^m^tj:iy^i-)l^:^L, Lt^i,Z(D 
^ 2 0 nmKJiT(D9t^ti^y h Lfz^^MT 

X. mm^ti^o *^B^oM« cr^xvMiiL/c:^^ 

^— t2S-K<b5^^>) it. 420nmJa±a>Rnt5t-C 
5iJg/)<5*<?5:§gfii2. 0 0 3-4 (:: v^'^^u^mi'J^ 

l|]5£^iJ4cDft4i^(i. gffl^n . 9 6(Cvy^;U^7j^t"T 

[0013] tmm 2 ( N o X K<b;st4>ijj^) 

IISS^J4-cftSLfci4*40. 2g^:^'5^:;^ru- h (6 
x6cm) iC^^L^^iCD^/W U^y^X (m!^mi) 
:tf^::^i;^i^fS^|| (rt?51 6 Omm. j^^ 2 5mm) 

B^^^mmmmmizj:K>^mm2 o nmo^feTt^u 

T. 7t$:BS«L/co ±IBS/J6^tflC>MJe0%RHC0ti)S>f 
(N0:1.0ppm)$:l. SU^vh ^U/^^OD 

^ytmizjiom^LTzo 2 4^r^cD=^-^-mcommm 
/)^e>N0xa>l^^^^*4^>/co ^oj£s:&*2»3iit-ro 
S2(^(i. tt^o/c^). mnti^xiiEmLrzun (st 

-0 1) OS^^^ij^To 
[00 1 4] 
[*2] 



afefi (nm) 


3 6 0 


4 6 0 


5.6 0 








2 8. 7 


17.1 


4, 7 


BSi n ( s T - 0 1) 


2 8. 1 


0.2- 


0 



[0 0 15] ±IB«2lC7Ff^S^*^e>. *^B^a>T:^^ 

- ifm-mt ^^>x^'o x^^ L TzmmiK^ * 5 

TtttiS (^SSfiJ4(Dit>y;U) (i. 'i>^< ht, 5 6 0 n 
m t TrCD aJt^Tt ct o Tg^lSfbft ^^<b(^^r 

*«BflCD7':^^— b'S-K<b5^^>7!^oTS^U 

rcK^i^Pil^*r^7t^i« (il«S0«j4cDt^>>^;i.) i*. 
(^'U< t^6 0 0 nm^xco'sjmmzji'Dxmmmim 
^mim^r^9m^mi.xi^rzo 
[ 0 0 1 6 J tmms i^mm^T^'prnmi^) 

mmmAxn^LtzUnO. 02gt0. Immol/ 
ISSSiK 25m1^/W ^:^i^JSl^Jiz;i. (4 0m 
1 ) fCAtiv ^^^^•y^X^-^-IZci:0«}$Lfeo 



%Mit. mi±m^^\Z<iiO)&MS 0 0 nmXl Orr\\Nt 

u^j:^\zmmLrznn^>'y>y^mi^rzo ad^> 

-^miK h U/co J^iSli. iSMt^ 2 4B$ 

<P h)liZJiK>. 22Sm\Z^\f^^9tmiZ^0^Bm^(O 

ms^mmLrzo ^^j. j^^Rvmmm\z{t. %t^x^ 

m^^CD^^ipli 2 0 . 4 i^. i^*4^ L 



(9) 



3 2 5 2 1 3 6-^ 



[00171 mmm s 

-01) 10g$:400ml CDB^IS^tSglCiR^ L 

p^^M^n'^^zTx-mnLfzik. 2oowo>mm}& (2. 

4 5 G H z ) ^^Jtm{^(DTi-^~izm—mtJ-^ 

-It/cp ^LT. H2:h'X (JStSfe 3 0 m 1 Z^^^) ^^1*1 
(7>EE:t?*^r)1 h-)\^ttj:^^o\zmXLrzo iKlSgrtO) 

±^T^cDizA o^^mLfzo mi^tirzT±^-^'m- 
^it^^>^m^xmi^m^^mii (xps) Hcto. 

5^^>(D2 pm^l3iSJS^nSt^-'i> (4 5 8. 8eV 
(T i 2 p 3/2 ) RV4 64. 6eV {Ti2p1/ 
2) a)Hfgh5^^>hig'&Lrc>^^^C7)1 sm^(3!)§ 
M^n^tf-^ (531. 7 e V (01 s ) (ommii^ 
^tofco f#t>tl/^®fflJ:b (0 1 s/T i 2p) li. 1. 

Kfb^^>*^*CO®fgJ:b (O 1 s/T i 2 p) li. 2. 

rz\k\z±mt\^m\zm^Lrzmmtt (o i s/t i 2 

p) 1 . 9 2T'^'Z>rzo ^ ^(3. C:(DliE*4CD 1 tiB 

ikcomm^ (01 s/T i 2 p) izt^^ititut-^rzo 

mmfrtmiznLrzmm. y^px^^mcDt^iRVikx. 

-izM^mt^^ >{z^itit^^nt^t-'Drzo ^ 
rz. ±tzy^x^93imm<oumRxf)iimm(otAn(DEs 
nx-<^ h)i^m^Lrzo m^it. mmm^ tmmx^ 
§0 "tcDi^^, mmisomu (y^x-^uimLrzj'^ 
9-izm-mt'^^» it. mmm4tmm\zgm2. 
00 3--4{ziy</i-}it^mm^nrzo ^eic. ccDtr- 

ia*4^ 1 mm±m,^\zwimLrz^k. nrnm^Lfz 



)i\tmimtirj:t^'Drzo 
[0 0 18] mmm6 

T±^-'tfm-mit'f^^>m^ (si^sss (») kst 

-0 1) 4g^2 0 0mla)5^SiJSJSg(Ci|Xgt/co 

zoiE^m^Fomizmmmu^^^^mi.. .^.rt^m^ 
7fs>z/xo, ^ [^-)ii^xT\zu:^^T'timLrzik. 
STSiSgcrt 4 0 o'^cizm^Ltzo mmk^ 0 o*c^ 

It. 0. 1 h-)i}^xT^mmLrzo ^ ^mikizm^co'if^ 

m^m^^^m\zj:K>. 5^^>co2 pm^fcji^^^tt^ 

tf-^(4 5 9. 5 e V (T i 2 p 3/2) Z2^l/4 6 
5. 4eV (Ti 2p1/2) (Dmmt^^ >tm^L 

xl^^mm<D^ sW'f'izmm^ti^t:-^ (530. 0 
e V (0 1 s) (Dmmt^^ibrzo ^feti^Mfsiib (o 

1 s/T i 2 p) li. 1 . 9 2Tf^o/co i^x r^XV 

^asL^^t^7'^^--tfM-K^b5^^ >»*a)®fait (o 

1 s/T i 2 p) li. 2. 0 0-e^oyco ^fev C(7)ia 
mm\t (O 1 s/T i 2 p) t,. 1 . 9 2Tfeofeo ;^ 

z(Dun(D^ ttmkcDmmtt (oi s/ti 2 
p) iz^^ititt^t-'Drzo t/cs ±ie7^^x^^sH?j(D 

^fb(ime.ti?&:^^^^o 

[0019] lasi^ij 4 ( N o X mity^mi^) 
imm 2 1 mm(D0knxmmm eximy. rzts,n<D n o 
xmty^^^m^Lrzo ie^^^si^^To mmmAx 
mi^nrzv- >y)i\z^-<xx>'(^}ii^{tm^ (^izmy&m: 

%¥MX(D) 6 00nmf+ia^-C>St43b<a^n;to 
[0 0 2 0] 
[^3] 



i&S (nm) 


3 6 0 


4 6 0 


5 6 0 




NOK^^^ (%) 


^£^01 6 


18.3 


16.2 


4. 7 


nisi- (S T-0 1) 


2 8. 1 


0.. 2 


0 



[00 21] iS^^J 5 (^.mSS$M'i>iH^ISSI) 
[00 2 2] ^Jffi^J 7 

T-0 1) 5 g«:(*)S5 cm. 1 OOcm<7>E3?lJ 



^g&^^L. S/Sg^.rtSS^rKvr-CO. 0 5 h- 
^USr^mu/c'i^. SOOWromaS;^ ( 1 3. 56MH 

z) ^Rft;^f*i<D7±^-izM-mt'^^>^mzmm 

Lv ^^Xy'$:S±^-ttfeo ^UTs H2:^'X 

5 00ml/») h - ;U i: 2. J; -5 

S:feff!U«:*<t. 3 O^fBliftSU^o /Si, -^7DA^(C<t 
SffiJiiiDSaKCj; OBmWM^ 4 0 0-ClcADl»kL. -g-Ojg 

5^5' X«lifeS^»3l6^ (XPS) f^^' 



(10) 



^V^^3 2 5 2 1 3 6-% 



>(D2 pm^izmm^ti^^-<7 (458. sev (t 

i 2 p 3/2 ) 64. 6eV (Ti 2p1/2) 

ti^tl-^P (5 3 ^ . 7eV(01s) (Dmrnt^i^ob 

tzo i^i^titzmma. (o 1 s/t i 2 p) 1 . 51 

5^^>if»5^(D®fflJ:b (O 1 s/T 1 2 p) lis 2. 0 0 

-n^^tzo ^tz. zmm^^mm:K^^\znLm.i.rz^k 
{z±i^Lnm\zm'^\^rzmmtt (o i s/t i 2 p) 

1. 5 1 T-^o/zo ^6(3. c:cDtS*4co 1 
Bfghb (0 1 s/T i 2 p) I3*,^fbli3&:/)^o^o 

[0 0 2 3] mmms (##w) 

+ v^^b^iJZr02 2 g?S:2 8 OmlOS^S^JS^glCiK^ 
.3F.I*l^m^5j^>:/T-8^mL/ctt. 4 0 OW(cm?«» 

(2. 4 5GHz) ^j^/^:;<ii*ia)v;u=]-7^*»5|^fcBBgj 
Ur. H2:b-;^ (2Sa^3 0ml/^) ^Jk^tDE.tit'^ 
Tt»5fc&ltJ*L?&;b<e)3 0^PB^ffliSLyco ^C7)*gm. M 

JS^ti^e-^ (182--183eV (Zr3d5/ 
2) -BlV^ 84 — 185eV(Zr3d3/2) (DBH 

tx^t:-^ ( 5 3 0 eV (01 s) tD®fSt^3^*!>;co 
^ft^n^^fitt (O 1 s/Z r 3 d ) (i. 1. 9 8T:^ 

®fiJ± (0 1 s/Z r 3d) (i. 2. 0 1 Tr^o/co ^ 

Tz. z(DW^^\mfii:k^^{zWLm{.rz\k\z±iztnm 

lC)l!lSL/c®faj:t (O 1 s/Z r 3 d) t,. 1. 9 8-e 

feo^^o ^ib\z^ zi(Dun(r>^i3mko>mm& (oi s 



/Z r 3 d ) \Z^^it\^Ut^-orzo 
[0024] H«^6 

SI)SS^J8-Cl@igL^ia*4 (0. 2 g ) $::b'^XS^-<;i.v 

i'-ssiiS^a ( 1 . 9 u h;i.) rticiaffiLfeo 7t>ii 
ic:li/\a^'>^>r (ms^-f T^'v ^JDR1 00 V 7 
5WN/S-EK) ^ffltv. *^03 9 0 nmt:;lTa)^ii^ 

T^t K^JglS@Sl*ll;:>iAUT. F/fSSS ( 5 0 0 p p 

m) (D^mii::^t{^rzo T^z )i^\:.vt'^^m^'<^\z 

mx^tzik. ^mm^ma^y^Tzo Kmi57.\t. iDx^a-^ 
\^<f^y^- (FID) -e^«fLfco %mmm1t^^ 20 

LTy'pX-^tilimLtj:i\i;j\.z}-rmniZ':>[.\T:^. % 

^a4ic^F'ro 
[00 2 5] tmmi 

mMmQ'cmm:\.rztm (0 . 29) ^iD^xm^Ji^t^ 

i'-MSlC^S ( 1 . 9 U 'y h;U) F*3(CISSL;co 3t5i^ 

'V >7 ^ >^ (gingm^t*^#tt H 1 1 0 B 
L) ^^tx^c (U V?SJg : 1 . 8mW/cm2) o CO 
^ U V a^i*O^^1.tSC0,^S*^ff 5*,0-CfeSo 

rtic:>iALr. m^jJiS ( 5 0 0 p pm) (dj^j^^'t.^ 

$:^JSL/co J^nt;:h':m. i57.<P ^ - (F 

ID) Tr^WL^o 7tPS*t^$^1 2 0^ik(DT-^VT)l 
T^t K;jiJg^*4ICjFro i:b«fiiji: LT^^XV 

[0026] 
[^4] 





(3 9 0 nm«TJ*y h) 






2 6 8 p pm 


2 5 0 p p m 




4 S 9 p pm 


4 9 8 p p m 



[00 2 7] ±15^ 4 ic^r s^^^ ^ . **B^oii^:^ 

>cs i:b«fy2(D/g*4^LTMfflLfcv>iH:^7'(i. oJtS 

r ^ 7t ^ f i ^ ^ o o 

[0 0 2 8] ^«£«^«J9 
;u^;uggT i 0?(P:r^X^Migi 

,7"^:biJ;U5";U^T i O2 (MT- 5 0 0 B) 2g^2 
8 0mlCD5^SJSPog(CiR^L;co ZOJH^SjSlCg^ 

4 0 0\N(K>mm)& ( 2 . 4 5 G H 2 ) &S/SBl*l 



J:oT:/^Xy'^S&^^-y:;feo ^LTx H2:^'X (35fi 
^3 0ml/^) ^?.l*|(7)S:^*^*^1 h-^U^^^^J;^ 
ll^AL/co JSJSgf*I(7)^U5^;i.^Kfb^^>*^*^}a«i 

[^un^^3o^m^m\.rzo "^(d^^^ w^cdssi^isk 
tzo ?f e>ttfe;u^>n2-K<bf^^>ia#4*x^3ts^^^ 

A>^lZc^:i9. ^^>C02 pm^lZ^S^ti^tf-'i? (4 
58. 6eV (Ti 2p3/2) Z^tr4 6 4. 2 eV 
(T i 2 p 1 / 2) <7)®fai:5^^>t*g^LTt\S^^ 
OI sS^lciSJS^^x^l^-'i? (5 2 9. 8eV (OI 



(11) 



l^frma 2 5 2 1 3 6-^ 



s) (ommt^^isbrzo m^ntzmmtt (o i s/t i 

;u^;uS-K^b5^^>«j*oiaShb (O 1 s/T i 2 
p) (i. 2 . 0 1 -cth-otzo ^tz. z<DUn^ 1 mi::^ 

^*(c»aL/c?tic±iBi:i5i«iz>i!i^u;caaa: (oi 

s/T i 2 p) 1 . 7 4T:^o/co dCDlS 
*4G)1 :^?^?tcD®m (O 1 s/T i 2 p) ict^^fbli 
?&:;()^ofco ±lfi^?^(Cci:0lii^L/cH*4 (0. 2g)^ 

:^-^:;^iJ^;uv>-MSiS^s ( i . 9 'j *y h;u) 1*113 

R1 1 0 V 7 5WN/S-E K) ^ffil>. ^^o3 9 0 



( 5 0 0 p pm) (D^fic^ijXtLfzo 1"^ hT>lU5^t 
li. :^-:;^>7Dy' hy^T7^ - (FID) T^WLfeo % 

to t/c. ttnmtLxy^x^fiimLt^i^Ji^Jimi 

i 02lC^t^'Ct,. 7tSP.S^§a*S5 0^fta)7^-t3 Y^TJIJ" 

[0 0 2 9] 
[«51 





(3 9 0 nmgitTJ^S/ 




2 6 4 




3 0 .2 



[0 0 3 0] ±ie*5lC^r*Sm;b^t>x :*:^b^C0SS^75- 

So ^fes l:fc«fy3 0l^#4i:bT($fflU^^l.5^;i.SKib 

(i^L/cA^ ll«S^^J3CD!S«(3l:b^rf|/)^o/^o 
[003 1 ] H^S^J 1 0 (#%fy) 

g$fk/\y-OA (Hf 02. F 1 u k ai^. $ifeJt9 9. 
8%) 2 gfe^a2 0 0ml<Z)5^S^iS/^;@lCi|X^L;co 

^^;J^>:/T:»^^L/c?t. 4 OOW(7Dl|5S» (2. 45 
GHz) ^JS)JS«l*IC/)K<bA^-H7A*»*lCHB|^L. =r 

H2:^':^ (SM^'7X:7n-;^-'$'-(CcfcO 3 Om 1 / 
lc:^SJS^;K-5t^-^ (16'-17eV(Hf4f))<7) 

^ti-str-^ ( 5 3 0 ev (01 s) ) (j^mmh^^^ 

tzo ?#t>tl/c®Sit (O 1 s/Hf 4f ) ii. 2. 15 
•Cfeofeo (Si. y^XV«|LSL3&txK<b/\7^-':7A«J* 
a)®f@it (O 1 s/H f 4f ) (i. 2. 2 OT^ofeo 
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